Abstract. Recent studies have demonstrated the existence of a minority of tumor cells possessing the stem cell properties of self-renewal and differentiation in leukemia and several solid tumors. However, these cells do not possess the normal regulatory mechanisms of stem cells. Following transplantation, they are capable of initiating tumorigenesis and are therefore known as 'tumor stem cells'. Cellular origin analysis of tumor stem cells has resulted in three hypotheses: Embryonal rest hypothesis, anaplasia and maturation arrest. Several signaling pathways which are involved in carcinogenesis, including Wnt/β-catenin, Notch and Oct-4 signaling pathways are crucial in normal stem cell self-renewal decisions, suggesting that breakdown in the regulation of self-renewal may be a key event in the development of tumors. Thus, tumors can be regarded as an abnormal organ in which stem cells have escaped from the normal constraints on self-renewal, thus, leading to abnormally differentiated tumor cells that lose the ability to form tumors. This new model for maligancies has significance for clinical research and treatment.
Introduction
Tumorigenesis has long posed a perplexing problem. However, recent evidence has demonstrated that from leukemia to solid tumors only a small proportion of tumor cells are capable of proliferating in a similar manner to stem cells (tumor stem cells). These cells have been isolated depending on cellsurface markers. On transplantation, they lead to tumors, comprising new tumor stem cells and non-tumorigenic cells which may arise from tumor stem cells. The manner in which these tumor stem cells are activated, the mechanism by which they affect tumorigenesis, as well as whether there any differences from normal stem cells remain to be investigated. Conducting studies of normal stem cells may therefore provide clues to these issues. The tumor stem cell theory is likely to significantly alter the way we consider research and cancer treatment.
Stem cells have two defining characteristics: The ability for long-term self-renewal and multi-lineage differentiation capacity. There are three groups of stem cells: embryonal, germinal and somatic stem cells. The latter group is crucial in equilibrating the amount of body cells. The stem cells and cancer cells are considered to have the ability for unlimited proliferation. In addition, a small amount of cancer cells express stem cell markers, known as 'cancer stem cells' (CSCs). According to the common characteristics of tissuespecific stem cells (self-renewal, express stem cell markers and tumorigenicity), it was confirmed that CSCs may be found in multiple types of tumors and cancer cell lines. It has also been demonstrated that CSCs have a characteristic resistance to anti-cancer drugs and irradiation therapy (1) . The concept of the 'tumor stem cell' is not a new one. Early in the mid-19th century, forefathers in pathology noted the similarity between cancer and embryonic tissue, and observed that tumors arose from embryo-like cells (2, 3) . Later, Cohnheim proposed the 'embryonal rest' theory of cancer, hypothesising that adult tissues contain embryonic remnants which generally lie dormant, but could be activated to become cancer (4, 5) . Today, an updated version of the 'embryonal rest' theory is that cancers arise from tumor stem cells, a minor population of tumor cells possessing the stem cell properties of selfrenewal and ability for multi-lineage differentiation. In the tumor cells, such self-renewal is due to dysregulation, i.e., the progenitor cell division is disproportionate to the amount of cell differentiation and cell death due to the loss of a feedback mechanism, leading to tumorigenesis. The existence of the 'tumor stem cell' has been repeatedly proven in, not only liquid tumors, but also hematopoietic system tumors.
Existing evidence for tumor stem cells
Leukemia. Tumor stem cells have been best characterized in the hematopoietic system. A wide range of in vitro and in vivo functional assays have demonstrated the existence of tumor stem cells. In 1937, Furth and Kahn (6) first described tumor growth as depending on a subpopulation of proliferating stem cells. They succeeded in transplanting leukemia from one mouse to another by using a single undifferentiated cell. In 1955, Makino and Kano (7) obtained clones of tumor cells from single leukemic cells. In particular, Bonnet's study confirmed a common immunophenotype (CD34 + /CD38 -) for LSCs in multiple AML subtypes and confirmed their selfrenewal potential (8) (9) (10) (11) . In addition, gene rearrangements unique to human leukemia were present in all the cells of the tumor, suggesting that the tumor originated from a single progenitor cell that had undergone a malignant gene rearrangement. Progeny of the precursor cell presented multiple cell types, including polymorphonuclear cells (neutrophils, eosinophils and basophils) and the same genetic lesion or lesions (12) . Notably, in chronic myeloid leukemia and some acute lymphoid leukemias (AML and ALL, respectively), malignant stem cell populations were identified and obtained in clones from single cell cultures. The cells had similar properties to the stem cells such as self-renewal, extensive proliferating potential and differentiative potential (13, 14) . Therefore, we inferred that the malignant cell, with the ability to differentiate into multiple types of blood cells, was the multi/pluripotent tumor cell or progenitor cell.
Childhood tumors. Tumors appearing in early human life (nephroblastoma, neuroblastoma and teratocarcinoma) also present clues as to the association between cancer and tumor stem cells, which are derived from 'residual' embryonal or germinal cells. Wilms' tumor, a common type of kidney cancer found in children under 8 years old, is composed of a mixture of undifferentiated spindle cells, immature epithelia tubules and 'rosettes' of cells similar to embryonal glomeruli, as well as sarcomatous tumor cells and non-striated muscle (15) . In 1899, Wilms first described it systemically, suggesting that the tumor arose from a fragment of the primitive undifferentiated mesodermal tissue. Specifically, it is residual embryonal stem cells that form nephroblastoma. During the course of disease, the key point was that the characteristics of these residual embryonal stem cells are different to normal embryonal stem cells, the former lost the ability to self-regulate and are thus called embryonal cancer cells or tumor stem cells. Neuroblastoma, as with nephroblastoma, arises from residual embryonal cells. However, these embryonal cells resided in the fetal neural crest of the sympathetic nervous system (16, 17) .
The most likely instance of a tumor arising from stem cells, i.e., germinal cells, is teratocarcinoma. It may comprise various differentiated cell types including tissue components normally found in other areas of the body including germinal cells as well as embryonic and fetal tissue (18) . The malignant core cells of teratocarcinoma are undifferentiated and are able to differentiate into mature benign cells. These malignant cells are derived from germinal cells (19) . Teratocarcinomas of mice may be produced by transplantation of germinal cells from 21-day-old fetal mice into the testes of adult syngeneic mice (20, 21) . Additionally, approximately 10% of single germinal carcinoma cells from the teratocarcinoma develop into tumors containing more than two dozen types of welldifferentiated adult tissues, including brain, muscle, bone, bone marrow, eye, secretory glands, skin and intestine (22) . In humans, teratocarcinomas appear mainly in young adults at any site along the migration pathway of germinal cells from the brain to the gonads, and their cellular configurations are not determined but by the origin of the site but the cell origin of the tumor (19) . Therefore, it appears that various tissues may contain teratocarcinoma, which arises from underlying undifferentiated stem cells. Of course, these stem cells must be activated by extrinsic or intrinsic stimulation.
Breast carcinoma. In 2003, Al-Hajj et al (23) reported that the propagation of tumors was correlated with the phenotypically diverse and relatively rare subpopulation of tumor-initiating cells (TICs). This conclusion was based on a study of human metastatic breast cancer specimens. In contrast to all other tumor cells, a CD44 + /CD24 low /lineagenegative cell surface phenotype of the primary tumor cells was capable of initiating proliferation of tumors when transplanted into immune-deficient NOD/SCID mice. In addition, if the objective is to develop the tumor and to produce a more differentiated subpopulation in secondary recipient mice, then 100 CD44 + /CD24 low purified cells are required (24) . Futhermore, CD44 + /CD24 low cells were reisolated from secondary recipients and passed them into the following recipient, thereby starting a new cycle. These studies demonstrated that the breast TIC fulfils the criteria of a true stem cell, due to its self-renewal, differentiation and high level of proliferation in a xenogeneic transplantation system. Human breast cancer stem cells (BCSCs), derived from basal cells that are present in the basal membranes of alveolar units in human adult mammary glands were shown to express higher levels of oxidative stress-responsive genes, making them more resistant to anti-cancer therapy as compared to non-CSCs (25).
Brain cancer. Previous studies of brain cancer have shown that a CD133
+ subpopulation of brain tumor (medulloblastomas and GBMs) stem cells exhibit self-renewal potential proportional to tumor grade in vitro (26) .
In addition, when they formed xenograft brain tumors in NOD-SCID mice, only 100 CD133 + cells were required. In a previous study, various pediatric brain tumor cells were cultured under conditions favoring stem cell proliferation to assess the differentiation abilities of cancer stem cells.
Neurospheres were generated and differentiation analyses performed in vitro and in vivo. Findings of that study demonstrated that neurospheres deriving from stem cell-like tumor cells differentiated to neurons and glia whether in vitro or in vivo (27) .
Notably, when the glioblastoma stem-like cells were transplanted into immunodeficient mice, they formed secondary tumors which are a phenocopy of the human disease (28) . However, compared with the normal counterparts, tumorderived cells expressed multiple differentiation markers and proliferated for much longer in vivo.
Skin cancer. The hypothesis that tumors arise from stem or progenitor cells may be demonstrated by the two-step model of skin carcinogenesis. The first step is initiation and the second promotion. The initiation events induce genetic alterations and promoters then stimulate the damaged cells to proliferate, leading to cancer. If there were no promotive signals, cancers would not arise (29) . During the course of disease, the time between initiation and promotion is crucial in revealing the stem cells as the initiated cells. As the formation of tumor is a long process, the time interval between initiation and promotion is also a long period of time, lasting days, months or even years (30, 31) . It has been proven that skin cells, in addition to the self-renewing progenitor cells, are renewed completely every 2-3 weeks in mice and approximately every 2 months in humans (32) . It is clear that the only cell population that are capable of maintaining the genetic alterations and accepting the second step of starting proliferation, if months or years have passed since initiation, would be the self-renewing progenitor cells, since during such a long period of time, all of the transit-amplifying cells would have been replaced by newly generated cells from the basal stem cells. These newly generated cells are not able to form tumors, since they would terminally differentiate. Therefore, the tumor-forming cells must be a resting stem cell only activated to proliferate under the stress of promotion.
Although tumor stem cells have not been isolated in any types of tumor, we can conclude that tumor stem cells play a critical role in tumorigenesis.
Cellular origin of tumor stem cells
Tumor stem cells are known to possess the characteristic of self-renewal. Thus, it follows that they might be derived either from self-renewing normal stem cells which could be transformed by altering only the proliferative pathways, or from the oncogenic-mutated progenitor cells which have acquired the ability to self-renew. Three hypotheses currently exist concerning the cellular origin of tumor stem cells based on the evidence mentioned above.
Embryonal rest hypothesis. Teratocarcinoma may be the best example to demonstrate this theory. In the mid-1800s, Virchow was the first to note the similarity of tissue construction between teratocarcinoma and the developing fetus (33) . Cohnheim then postulated that cancer developed from embryonal remnants left in the process of embryo maturation (34) . Beard later extended the hypothesis by concluding that tumors arose from displaced placental tissue or activated germinal cells in adult tissue (35) . In 1904, Rippert proposed that the critical factor for abnormal proliferation, invasion and progression of these cells in the tissue was their escape from a normal controlling environment and a normal regulation mechanism (36). Rotter observed that along the migration pathway of germinal cells, some cells may accidentally lodge in tissues away from their target and might serve in these new locations as the origin of tumors (37) .
Based on these theories, all cancers arise from embryonal-like progenitor cells or germinal cells present in wrong places. These cells share the ability for self-renewal, proliferation, invasion, and migration with normal stem cells. These displaced cells are now termed 'tumor stem cells'. The hypothesis is adaptable to interpret certain tumors that have embryonal characteristics, particularly for blastomas and teratocarcinoma. Nevertheless, not every type of tumor has embryonal-like tissue construction.
Anaplasia. The term 'anaplasia' was originally used to describe the dedifferentiation of mature cells and tissues, induced by external agents such as chemicals or viruses. However, anaplasia is now used to define morphological changes rather than a process. Chemical carcinogens and oncogenic viruses are of note in the etiology of genetic mutations, which require impacting dividing progenitor cells rather than mature cells. These mutations are conserved in the next generation, leading to mutation accumulation and resulting in tumors. An exception is the liver, since even its most mature cells maintain the ability to divide. Only if the carcinogen acted during liver cell proliferation would carcinogenic antigens be manifested on the cell surface. Presuming that stem cells in tissues were involved in the mutational events, and mutational accumulation got to a critical point, they would result in cancer in adults.
As with the 'two-step model' of skin cancer mentioned above, other types of tumors may be explained by the theory of anaplasia.
Maturation arrest. The emphasis of 'anaplasia' theory is that the mutation event must act on a dividing progenitor cell. Taking skin lineage for example, it includes the precursor cells in the bulge of the hair follicle, basal cells in the epidermis, suprabasal proliferating cells or transit-amplifying cells and non-proliferating cells above the transit-amplifying cells (38) . Following anaplasia theory, only hair follicular bulge cells are able to undergo mutational events. If carcinogenic agents act on other cells, such as basal cells and transit-amplifying cells, tumors would not occur, which is not the case. Basal cell carcinoma, squamous cell carcinoma or papillomas are caused by mutations in basal cells and transit-amplifying cells, respectively (39) (40) (41) (42) . This does not correlate with the anaplasia theory.
Maturation arrest theory suggests that cancers at any age may arise from the proliferating progeny of the stem cells or transit-amplifying cells. It also suggests that the degree of malignancy is determined by the stage of differentiation at which the oncogenic events occur, termed 'maturation arrest'. If maturation arrest occurs early in the determination of a cell lineage, the tumor is poorly differentiated; and if it occurs later, the differentiation is better. The key point of anaplasia theory mentioned above indicates that cells on which oncogenic agents act must have the potential to divide and not dissipate during normal tissue turnover, a process involving only the properties of tissue stem cells or the least-differentiated tissue stem cells, which produce daughter cells that preserve the genetic changes.
Regulatory mechanisms for tumor stem cells
In the previous tumor models, tumorigenesis was regarded as the product of serial accumulation of genetic events resulting in the activation of the proto-oncogene and the silencing of the anti-oncogene. By contrast, in the stem-cell model of cancer, the essence is the disruption of genes involved in the regulation of stem-cell self-renewal. Therefore, understanding the control mechanism of the maintenance of normal stem cells and the differentiation signals may provide clues to cellular signals involved in cancer, and may ultimately result in new approaches to tumor therapy. The genes Wnt/β-catenin, Oct-4, Notch and sonic hedgehog signaling pathway, have been shown to be involved in the regulation of self-renewal in normal stem cells. The first three, Wnt/β-catenin, Oct-4 and Notch, are presented as examples.
Wnt/β-catenin. The Wnt signaling pathway, named for its upstream ligands, may lead to tumorigenesis when aberrance is activated and is involved in multiple differentiation during embryonic development (43) . Molecular studies have indicated that mutations of the Wnt signaling pathway may lead to the occurrence of approximately 90% of colorectal cancer (44) , and various solid childhood tumors, such as nephroblastomas, medulloblastomas, hepatoblastomas and pancreatoblastomas (45) .
The Wnt family of proteins are widely secreted glycoproteins, consisting of 19 closely related proteins. When Wnt ligands bind to a member of the seven-span transmembrane receptors (frizzelds) together with the co-receptors low density lipoprotein receptor-related protein (LRP-5 or LRP-6), the Wnt signaling is activated (46) . Following activation, intracellular signaling downstream of the receptor may then be divided into three major pathways: The planar cell polarity (PCP) pathway regulates cell polarity and morphogenetic movement when the c-jun aminoterminal kinase (JNK) is activated; the Wnt/Ca 2+ pathway regulates cell motility and adhesion via activation of Ca 2+ -calmodulin-dependent kinase II, protein kinase C and phospholipase; and the classical Wnt/β-catenin pathway, when the β-catenin/T-cell factor (TCF)-mediated transcription of Wnt-target genes is activated, resulting in the regulation of cell proliferation and differentiation (47, 48) . Mutations in the Wnt/β-catenin pathway are a cause of human cancer. When the Wnt/β-catenin pathway is not activated, β-catenin binds to the adherence junctions between cells, and unbound β-catenin is considered to be destroyed by complex proteins including the adenomatous polyposis coli protein (APC), casein kinase 1 (CK-1) α, axin, glycogen-synthetase kinase (GSK)-3β and conductin (AXIN2 in humans). Thus, in the absence of a Wnt-signal, intracellular levels of β-catenin are maintained at low levels. If the Wnt signaling pathway is activated, it leads to phosphorylation of the disheveled proteins (Dsh), association with axin, and prevention of GSK-3 production through the phosphorylation of critical substrates, the negative regulators axin and APC, as well as β-catenin itself. β-TRCP is a component of an E2 ubiquitin ligase, it recognizes the phosphorylated cellular β-catenin and destroys it. By contrast, when the unphosphorylated cellular β-catenin escapes recognition by β-TRCP, it then translocates into the nucleus and binds with transcription factors, such as LCF and TCF, and activates the transcription of cell proliferation genes, particularly, cyclin c-myc, D1 and c-jun, leading to tumorigenesis (49) (50) (51) (52) (53) (54) (55) .
In most colorectal cancer, hepatoblastomas, and approximately 50% of human hepatocellular carcinomas, mutations of the β-catenin gene and the overexpression of β-catenin have been found. As such, this increase in β-catenin has become a new target for tumor therapy. Where β-catenin concentration is able to be reduced, effective reversal of the molecular defects of the Wnt signaling pathway in cancers is likely to occur.
Notch. The Notch gene was described by Morgan in 1917, and its name taken from a strain of Drosophila with notched wing blades (56) . Seventy years later, by cloning the Notch gene, we understand that it encodes a single transmembrane receptor that contains a large number of extracellular tandemly organized EGF-repeats and an intracellular domain (containing ankyrin repeats, PEST and OPA domains) (57, 58) . Four mammalian Notch receptor homologs (denoted Notch 1-4) have been identified thus far. The Notch signaling pathway functions on cell fate decisions in a variety of different organizations in multicellular organisms, such as the hematopoietic system, nervous system, vascular system, skin and pancreas (59) (60) (61) . In the majority of cases, Notch signaling blocks cell differentiation towards a primary process, and instead, directs them to a second differentiation, altering the differentiation program or forcing it to remain in the undifferentiated state (62, 63) . Notch signaling is initiated by the interaction of a receptorligand between two neighboring cells. Five mammalian ligands have been confirmed thus far: Delta-like-1, Deltalike-3, Delta-like-4 (DLL1, DLL3 and DLL4), Jagged1 and Jagged2 (JAG1 and JAG2). The interaction may result in two consecutive proteolytic cleavages of notch, allowing the release of the Notch intracellular domain (NICD), and translocation to the nucleus to form a ternary complex with the transcriptional coactivators of the mastermind (MAM) family and a highly conserved transcription factor CSL. This NICD-MAM-CSL complex is associated with DNA, and includes CSL-binding sequences, recruits additional factors (such as PCAF and p300) with histone acetylase activity, and activates the transcriptional activity of target genes (64) (65) (66) (67) (68) (69) (70) (71) (72) . As such, the Notch signaling plays a vital role in stem-cell self-renewal and differentiation.
We have achieved a better understanding of the function and regulation of Notch signaling in the development of disease. Nevertheless, there are several examples showing that the Notch signaling is involved in tumorigenesis. This is exemplified in the (7; 9) (q34; q34.3) translocation of T-cell acute lymphoblastic leukemia (T-ALL), for instance. The Notch1 in these tumor cells is able to focus to T-cell receptor β (TCRβ) locus, leading to constitutive expression of the intracellular domain Notch1. Moreover, the activated Notch in T-cells may cause carcinogenic effects, which has been confirmed by numerous experiments with mice. Furthermore, subsequent studies have shown that Notch1 expression is not restricted to tumor cells carrying the t (7; 9) translocation, but that Notch1 or Notch3 is highly expressed in almost all of the T-ALL (71, (73) (74) (75) . Therefore, there might be an independent regulatory mechanism of Notch signaling in T-ALL.
Another compelling finding suggesting a role for Notch signaling in cancer is that Notch4 was found in the isolated DNA of a murine mammary tumor, which formed by the insertion of mouse mammary tumor virus (MMTV) that truncates the N4 gene and drives the constitutive expression of Notch4. From the expression of activated Notch4 in transgenic non-pregnant mice, it has been demonstrated that breast cancer development is preceded by perturbed ductal development. Further studies have shown that Notch4-associated breast cancer cell lines are dependent on Ras for anchorage-independent growth (75) (76) (77) (78) . Nevertheless, there is no definitive evidence to support carcinogenic efficacy of Notch4 (or other variants of Notch) in human breast cancer.
According to different cellular contexts, Notch signaling cannot only be a dominant oncogene, but also a tumor suppressor gene. From the increased keratinocyte proliferation and a delayed terminal differentiation in conditional Notch1 deficiency with mice, it has been found that Notch1 is involved in coordinating the synchronous differentiation of squamous epithelia. Notch1-deficient mice are more susceptible to forming a skin tumor in the case of Ras activation or carcinogen exposure, suggesting that numerous carcinogenic pathways are facilitated in keratinocytes through Notch deficiency. Notch reportedly plays a role in the inhibition of prostate cancer, as activated Notch is capable of inhibiting the growth of prostate cancer cell lines (79) (80) (81) (82) (83) (84) . On the basis of this evidence, the Notch signaling pathway may be used as a therapeutic target in the future.
Oct-4. Oct-4 is a member of class V of the POU transcription factor family, which is able to regulate the expression of target genes during animal development (85) . We know that the expression of Oct-4 is restricted to the blastocyst stem cell population (inner cell mass, ICM). Following implantation, Oct-4 expression is limited to the epiblast compartment until gastrulation begins, as it is downregulated progressively using an anterior to posterior manner (86, 87) . Oct-4 expression is necessary in the maintenance of totipotency and synchronous division. The amount of Oct-4 expression has been confirmed to play a crucial role in embryonic stem cells and its upregulation or downregulation completely change the pluripotent cell phenotype. An increase in the expression of Oct-4 enhances the relative ratio of Sox2, Klf4, or c-myc and consistently reduces the colony generation efficiency of human-induced pluripotent stem cells (hiPSC) up to more than 5-fold (88) . Similarly, the loss of expression is associated with cell differentiation, and the abnormal expression is often used as a marker of embryonal cancer. However, treatment with retinoid causes a reduction of Oct-4 expression (89, 90) . Thus, Oct-4 appears significant in maintaining the undifferentiated state of embryonal carcinoma as well as other types of cancers (90) (91) (92) . As such, over the course of tumor treatment, blocking Oct-4 expression is likely to be an effective means of promoting differentiation for less differentiated cancers.
Therapeutic implication for tumor stem cells
Traditionally, the options for tumor therapy include surgery, chemotherapy and radiotherapy aiming at reducing the amount of tumor cells. However, this is not the case for residual tumor cells which determine tumor relapse. The finding of tumor stem cells gives us a new target for tumor therapy. If tumor stem cells cannot be killed completely, the residual ones are likely to reinitiate tumor growth. This new model of tumor growth inevitably affects our understanding of the mechanisms of drug resistance. It is well-known that multi-drug resistance (MDR) is the main reason for chemotherapy failure. The mechanism of MDR lies in the drug efflux mediated by transporters on the cell membrane. Previous studies have shown that MDR transporters have been found on normal stem cells and that one of their functions was as a drug efflux pump (93, 94) . The existence of tumor stem cells may well provide an explanation as to why MDR is easily induced during chemotherapy. Additionally, chemoagents may induce genetic changes in tumor stem cells, resulting in greater drug resistance.
Modern cancer research focuses heavily on the identification of new target genes or signaling pathways critical to tumorigenesis, and tries to block the gene expression or transduction of signaling pathways to suppress tumor growth. The stem cell model for cancer predicts that therapies aimed at tumor stem cells may be more successful. If we originally repair the mutant genes of tumor stem cells or block signaling pathways such as Wnt/β-catenin, Notch, Oct-4 and other pathways as yet undiscovered, more satisfactory results are likely to be obtained.
As yet, the tumor DNA microarray has been unable to explain the cellular heterogeneity as well as different proliferative potentiality of subpopulations of tumor cells (95) . Nevertheless, the identification of novel diagnostic markers or therapeutic targets by expression analyses of tumor stem cells may be more effective. Our emphasis on tumor stem cells does not negate traditional therapeutic methods. Killing proliferating tumor cells is necessary to control tumor growth, which ought to be accompanied with destruction of tumor stem cells. This new cancer model has significant implications for the early detection of tumor and prevention of metastasis and recurrence; however, further studies on new markers of tumor stem cells should be conducted. Undoubtedly, this may result in prolonged survival periods for patients as well as improved quality of life.
In conclusion, the stem cell model for cancer provides us with a new understanding of tumorigenesis, that any cell of a lineage not terminally differentiated and capable of proliferating may result in cancer. Moreover, this model ties together the contradiction between 'monoclonal theory' and 'polyclonal theory', i.e., whethere a tumor is monoclone or polyclone depending on the mutation mode of the stem cells. If all tumor stem cells undergo a single type of mutation, the tumor is likely to be monoclone; if several mutations, polyclone. The new cancer model prompts new approaches for tumor therapy to eliminate tumor stem cells. Future research needs to focus on newly identified markers, improvement of isolation techniques and clarification of signaling pathways for tumor stem cells to improve tumor therapy.
